Jet production measurements at CMS by Kokkas, Panagiotis et al.
P
oS(DIS2014)153
Jet production measurements at CMS
Panagiotis KOKKAS∗†
University of Ioannina
E-mail: pkokkas@uoi.gr
Measurements on inclusive jet and di-jet cross sections, 3-jet mass cross sections, event shapes
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1. Introduction
Jet measurements at Large Hadron Collider (LHC) are of great importance because they pro-
vide a test of perturbative Quantum Chromodynamics (pQCD) in a previously unexplored energy
region. They provide a precise measurement of the main background for many of the new physics
searches and test the Standard Model (SM) predictions at high energy scales.
In these proceedings measurements on inclusive jet and di-jet cross sections, 3-jet mass cross
sections, event shapes and studies on color coherence effects are presented, using data collected
with the Compact Muon Solenoid (CMS) detector [1] at the CERN LHC during the 2011 run at √s
= 7 TeV and the 2012 run at
√
s = 8 TeV.
2. The measurements
CMS has delivered the measurement of the inclusive jet production cross section as a function
of the jet pT and rapidity, using data collected at 7 TeV [2] and at 8 TeV [3]. Figure 1, on the
left, shows the comparison of the inclusive jet production cross section at 8 TeV to next-to-leading
order (NLO) predictions using the NNPDF2.1 PDF set [4] times the non-perturbative (NP) cor-
rection factor. The measurement in the low pT region (21-74 GeV) is done in seven rapidity bins
up to |y| = 4.7 while in the high pT region (74 GeV - 2.5 TeV) is done in six rapidity bins up to
|y| = 3.0. It is observed that pQCD is able to describe the observable over two orders of magni-
tude in pT and 14 orders of magnitude in the cross section. The same figure on the right presents
the ratio of data over theory at NLO times NP correction for the NNPDF2.1 PDF set and for the
innermost rapidity bin. For comparison predictions employing four other PDF sets (CT10 [5],
MSTW2008 [6, 7], HERAPDF1.5 [8] and ABM11 [9]) are shown in addition to the total exper-
imental systematic uncertainty. Within uncertainties most PDF sets are able to describe the data.
Significant disagreements are exhibited by the ABM11 PDF set.
CMS has also delivered the measurement of the dijet production cross section as a function of
the invariant mass m j j and the maximum rapidity ymax of the 2-jet system [2], using data collected
at 7 TeV. The measurement is done in five rapidity bins up to |y|=2.5 and covers dijet masses up to
5 TeV. Figure 2, on the left, shows the comparison of the dijet cross sections for the five different
rapidity bins to the NLO prediction employing the NNPDF2.1 PDF set times NP corrections. A
nice agreement is observed between data and theory. The same figure on the right presents the ratio
of dijet cross sections to the theoretical prediction using the central value of the NNPDF2.1 PDF
set for the inner rapidity bin. The solid histograms show the ratio of the cross sections calculated
with the other PDF sets to that calculated with NNPDF2.1. Within uncertainties most PDF sets are
able to describe the data.
The next measurement, reported in these proceedings, is the double-differential 3-jet mass
cross section [10] as a function of the invariant mass m3 and the maximum rapidity ymax of the
3-jet system. The measurement is done in two rapidity bins with |ymax | < 1 and 1 ≤ |y|max < 2
and compared to NLO theoretical calculations. Figure 3, on the left, shows the comparison of the
3-jet mass distribution to the NLO prediction employing the MSTW2008-NLO PDF set times NP
corrections, for the two considered regions in |y|max . It is observed that pQCD is able to describe
the 3-jet mass cross section over five orders of magnitude and for 3-jet masses up to 3 TeV. The
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Figure 1: On the left : the double-differential inclusive jet cross section in comparison to NLO predictions
using the NNPDF2.1 PDF set times the NP correction factor. On the right: the ratio of data over theory
at NLO times NP correction for the NNPDF2.1 PDF set. For comparison predictions employing four other
PDF sets are shown in addition to the total experimental systematic uncertainty (band enclosed by thick solid
lines). The error bars correspond to the statistical uncertainty of the data.
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Figure 2: On the left : the dijet cross sections for the five different rapidity bins, for data (markers) and
theory (thick lines) using the NNPDF2.1 PDF set. On the right: the ratio of dijet cross sections to the
theoretical prediction using the central value of the NNPDF2.1 PDF set for the inner rapidity bin. The solid
histograms show the ratio of the cross sections calculated with the other PDF sets to that calculated with
NNPDF2.1. The experimental and theoretical systematic uncertainties are represented by the continuous
and hatched bands, respectively
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same figure on the right presents the ratios of the measured cross sections for the inner rapidity bin
|y|max < 1 to theoretical predictions including NP effects, using various PDF sets with NLO PDF
evolution. Results are similar also for the outer rapidity bin 1 ≤ |y|max < 2. Within uncertainties
most PDF sets are able to describe the data. Small deviations are visible with the HERAPDF1.5
NLO set. Significant disagreements are exhibited by the ABM11 PDF set.
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Figure 3: On the left : the comparison of the unfolded 3-jet mass cross section with the NLO prediction
times NP corrections for the two considered regions in |y|max using the MSTW2008-NLO PDF set. The
error bars represent the total experimental uncertainty. On the right: the ratio of the unfolded 3-jet mass
distribution to the theory prediction including NP effects using PDF sets with NLO PDF evolution in the
inner rapidity bin |y|max < 1. The data are shown with error bars representing the statistical uncertainty and
gray squares for the systematic uncertainties. The PDF uncertainty is shown for the CT10 PDF set at 68%
confidence level as yellow band. In addition the central predictions are displayed for the other four examined
PDF sets MSTW2008, NNPDF2.1, HERAPDF1.5, and ABM11.
Event shape variables are geometric properties of the energy flow in hadronic final states.
They are sensitive to the details of the features of QCD. CMS has delivered measurements of
several hadronic event shapes [11] using data collected at 7 TeV. These measurements can be used
for tuning and validation of various QCD Monte Carlo (MC) event generators, like PYTHIA6 [12],
PYTHIA8 [13], HERWIG++ [14] and MADGRAPH [15]. The most common event shape variable
is the event thrust observable in the transverse plane which is sensitive to the modelling of two-jet
and multi-jet topologies. Figure 4, on the top, shows the comparison between data and various
MC models of the transverse thrust in events with 250 < pT < 320 GeV for the leading jet. The
same figure on the bottom, presents the ratio of MC predictions with respect to data. All generators
show an overall agreement with data within 10%, with PYTHIA8 and HERWIG++ exhibiting a better
agreement than the others.
The phenomenon called color coherence, is an important feature of the color interaction in
QCD, where outgoing partons produced in the hard interaction continue to interfere with each other
during their fragmentation phase. In hadron collisions, in addition to the color connection between
the final-state partons, the color connection between the outgoing partons and the incoming partons
must be also considered.
The study[16] is based on 3-jet events, where two leading jets exhibit a back-to-back topology.
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Figure 4: On the top, the comparison between data and various MC models of the transverse thrust in events
with 250 < pT < 320 GeV/c for the leading jet. Bellow the ratio of MC samples with respect to data.
One of the two partons, corresponding to the two leading jets, may radiate a third parton. When
color coherence effects are present the third jet, coming from the third parton, will tend to lie in
the event plane defined by the emitting parton and the beam axis. The measured observable β is
defined as the azimuthal angle of the third jet with respect to the second jet in (η , φ ) space. In
the presence of color coherence, the third jet population along the event plane (in particular near
β ≈ 0) will be enhanced while out of the plane (β ≈ pi/2) will be suppressed.
The unfolded β distributions are shown in Fig. 5 together with the predictions from various MC
models for the central (|η2| ≤ 0.8) and forward (0.8 < |η2| ≤ 2.5) regions. The data exhibit a clear
enhancement of events compared to the various MC generators near the event plane (β ≈ 0) and a
suppression in the transverse plane (β ≈ pi/2). None of the models used in this analysis describes
data satisfactory and this measurement can be used for further tuning of the MC generators.
3. Conclusions
In this paper measurements on inclusive jet cross section, di-jet cross sections, multi-jets, event
shapes and studies on color coherence effects are presented using CMS data at 7 and 8 TeV. The
measurements on inclusive jet, di-jet and 3-jet mass cross sections are compared to NLO theoretical
calculations using various PDF sets. Within uncertainties most PDF sets are able to describe the
data. Event shape and color coherence measurements are compared to various MC event generators
and provide useful information for further tuning of these generators.
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